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Abstract 
Although the presence of osteonecrotic bone
is known to make joints more prone to infec-
tion,  acute  septic  joint  in  hip  osteonecrosis
has not frequently been reported in adults with
sickle cell disease. The clinical features at the
time of admission, imaging findings suggest-
ing  the  diagnosis,  modes  of  treatment  and
sequelae of septic arthritis of twenty-four hip
joints with osteonecrosis in patients with sick-
le  cell  disease  were  studied  retrospectively
over a 25-years period. This study evaluated
also the complications, the efficiency and the
risk of total hip arthroplasty in these patients.
Most patients were in the third decade of life.
Staphylococcus  and  Gram  negative  infection
predominated. Treatment was first conserva-
tive but most of the patients needed surgery to
treat infection and sequelae related to infec-
tion.  A  total  hip  arthroplasty  was  performed
later  in  twenty  joints.  No  deaths  were
observed, but complications occurred. Twenty
of the patients in our study underwent delayed
total  hip  arthroplasties  following  repeated
aspirations of the joint and intravenous antibi-
otics. With an experienced surgical and med-
ical team and multidisciplinary management
of these patients undergoing total hip arthro-
plasty after hip infection, our rate of complica-
tions was acceptable.
Introduction
Sickle cell disease (SCD) is an autosomal-
recessive  disorder  that  produces  hemolytic
anemia related to abnormal hemoglobin and
erythrocytes. Those who are homozygous for
the sickle cell gene (hemoglobin SS) have a
high risk of bone infection due to the associa-
tion of recurrent episodes of sloughing of the
intestinal  mucosa  resulting  in  enteric  bac-
teremia  and  osteonecrosis  caused  by
microvascular occlusion. This incidence is also
high  in  patients  with  hemoglobin  SC  (com-
pound heterozygotes for HbS- and HbC-produc-
ing  alleles:  SC)  and  in  the  various  types  of
sickle-beta-thalassemia  (SThal)  population
and several studies have reported hip infec-
tions in children with SCD. Spontaneous sep-
tic arthritis of the adult hip is rarely reported
and  poorly  defined.  Many  forms  of  chronic
arthritis predispose the joint to bacteral infec-
tion,  including  rheumatoid  arthritis,  osteo  -
arthritis, gout, and pseudo-gout.
1 Bulmer
2 and
Kelly
3 and Coventry presented the two largest
series in the 1960s. These studies emphasized
the typical delay in diagnosis and treatment
that frequently required hip resection for dis-
ease  control.  However,  since  these  studies
were  published,  little  emphasis  has  been
placed  on  septic  hip  arthritis.  Although  the
presence of osteonecrotic bone might be con-
sidered as making the joints more prone to
bacterial infection, a review of the literature
4-8
reveals only a small number of well-document-
ed  cases  where  osteonecrotic  joints  have
become secondarily infected. In these series,
only  one  child  with  osteonecrosis  resulting
from of sickle cell disease
4 was shown to have
an acutely septic hip joint superimposed upon
a well-established osteonecrosis. We have an
experience  of  twenty-four  cases  of  pyogenic
arthritis deve1oping in osteonecrotic joints of
adult patients with sickle cell disease. To our
knowledge, before this report, there have been
no series reporting of such a complication in
adults. Based on the limited data available in
the  literature  and  our  personal  experience
with twenty-four cases, we believe that it is
important to report our data. 
This  study  reviewed  the  incidence  of
hematogenous septic hip arthritis in sickle cell
disease patients with osteonecrosis to define
the factors at the time of admission and labo-
ratory  or  imaging  findings  suggesting  the
diagnosis. Although clinical admission proce-
dure has probably not changed since the 1960s,
laboratory and imaging techniques available to
aid the clinician in making a diagnosis have
improved. However, it is unclear whether com-
puted tomography (CT) or magnetic resonance
imaging (MRI) are of assistance in early diag-
nosis and treatment in these cases. The out-
come of these patients was examined and it
was  determined  whether  advanced  imaging
and surgical techniques diminished the seque-
lae  of  this  disease  process.  We  asked  also
whether  total  hip  arthroplasty  (THA)  was  a
treatment for the sequaelae and provided sub-
stantial  long-term  pain  relief  and  improved
function in this patient population. 
Material and Methods
The authors of this study have experience in
the management of more than 1500 patients
with  sickle  cell  disease  undergoing  ortho  -
paedic  procedures.  These  patients  were
homozygous for the sickle cell gene (haemo-
globin SS), haemoglobin S/haemoglobin C, or
had haemoglobin S associated with beta tha-
lassemia. Among these patients, we retrospec-
tively  reviewed  twenty-four  consecutive
patients with sickle cell disease who between
the years of 1983 and 2003 developed septic
hip  arthritis  on  the  site  of  a  previous
osteonecrosis. All the patients had osteonecro-
sis as an adult (average age, 25 years; range,
18 to 43 years). The diagnosis of osteonecrosis
was  known  in  fourteen  patients  before  the
diagnosis of infection and discovered at the
same  time  as  the  infection  in  ten  patients.
There were sixteen female patients and eight
male patients; the minimum follow-up (up to
the latest clinical evaluation) was five years
(mean,  13  years;  range,  5  to  25  years).  No
patient was lost to follow-up.
The diagnosis of bone and joint infections
was based on the initial examination at the
time of admission, laboratory values, blood cul-
tures and joint aspiration.
Patient  charts  were  examined  to  identify
clinical features at the time of admission; per-
tinent medical history, including risk factors,
physical examination, radiographic and labo-
ratory findings. All charts were reviewed for
information  regarding  the  symptoms  at  the
time of admission (i.e., pain, fever, swelling,
inability to walk, or limited joint motion). The
presence or absence of specific findings in the
physical  examination  was  noted,  including
fever, location(s) of soreness, and location of
swelling, range of joint motion, heat, erythe-
ma,  and  gait.  Pertinent  laboratory  data  at
admission were leukocyte count, differential,
C-reactive protein and erythrocyte sedimenta-
tion rate. Later results of blood or aspirate cul-
tures also were noted. 
A retrospective review of radiographs was
performed.  CT,  MRI  results,  bacteriological
findings,  antibiotic  treatment,  management,
and outcome were also evaluated.
MR  imaging  was  performed  in  seventeen
patients with a 1.5-T unit. The following imag-
ing parameters were used: T1-weighted spin-
echo  imaging,  T2-weighted  fast  spin-echo
imaging,  and  gadolinium-enhanced  T1-
weighted spin-echo imaging. A fat suppression
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technique based on a frequency-selective exci-
tation was used in T2-weighted fast spin-echo
imaging and gadolinium-enhanced T1-weight-
ed  spin-echo  imaging.  Axial  and  coronal
images  were  obtained  with  each  pulse
sequence.  Coronal  and  axial  contrast-
enhanced T1-weighted spin-echo images were
evaluated by alterations in signal intensity in
the  soft  tissue  and  the  bone  marrow  of  the
affected hip joint.
The critically ill patients were admitted in
severe  crisis,  and  emergency  resuscitation
included correction of dehydration and acido-
sis, together with intravenous antibiotic thera-
py. Patients with severe anaemia were trans-
fused with packed red cells and given diuretic
therapy. Joint aspiration was undertaken in all
the twenty-four cases. Traction was begun as
soon as the diagnosis of infection was suspect-
ed. An iterative joint aspiration was performed
in all patients, and aspiration was performed
three  times  in  eight  patients.  The  delay
between  two  aspirations  was  average  one
week. The iterative joint aspiration was per-
formed because of recurrences of joint fluid on
CT scan. The antibiotic, reviewed after the cul-
ture report, was continued intravenously until
the patient was stable; thereafter it was given
orally or intravenously. The duration of antibi-
otic therapy varied widely, but most patients
were  treated  between  twelve  and  twenty-six
weeks.  Patients  who  had  joint  destruction
despite treatment had first femoral head resec-
tion and later THA.
During femoral head resection and during
THA,  we  collected  intraoperative  aspirates,
smears, and excised specimens and cultured
for  growth  of  aerobic  and  anaerobic  bacilli.
Histologic  sections  were  examined  for  evi-
dence of bacterial infection. Surgery was per-
formed  with  a  posterolateral  approach  and
general anaesthesia with meticulous control of
oxygenation and hydration. Patients received
the  same  implants  used  for  osteonecrosis
related to other causes or for osteoarthritis.
The prostheses were manufactured by Ceraver
(Ceraver  Osteal,  Roissy,  France).  The  stem
was always cemented. The alumina head was
32 mm in diameter and anchored through a
Morse taper. The acetabular component was a
polyethylene  cup  and  was  always  cemented.
Both components were fixed with cement con-
taining  antibiotics.  The  choice  of  the  added
antibiotic was based on the patient's antibi-
ogram  when  the  organism  was  resistant  to
gentamycin. When the organism was sensitive
to gentamycin the cement "Palacos" was used.
All  patients  received  postoperative  throm-
boembolic prophylaxis for 30 days. Antibiotics
according  to  the  patient’s  antibiogram  were
administrated during surgery and for the fol-
lowing 3 months. 
Patients, who required THA, were consid-
ered as a poor result. Patients who were ambu-
latory at discharge but had joint space narrow-
ing indicative of articular cartilage damage but
did  not  require  femoral  head  resection  or
arthroplasty were considered a fair result. No
radiographic evidence of joint space destruc-
tion and the ability to ambulate at discharge
were criteria for a good result.
Results
Age, sex and haemoglobin type
The age at onset of acute septic arthritis
was average twenty-five years (range, 18 to 43
years).  There  were  sixteen  female  patients
and  eight  male  patients.  Nineteen  patients
were  homozygous  for  the  sickle  cell  gene
(hemoglobin  SS),  four  had  haemoglobin
S/hemoglobin C, and one had haemoglobin S
associated with beta thalassemia.
Associated conditions and patho-
genesis
In seven patients (four with SS and three
with  SC),  septic  arthritis  appeared  to  have
been  secondary  to  contiguous  foci  of
osteomyelitis  in  the  same  femur.  In  these
seven patients, the diagnosis of osteomyelitis
in childhood and the diagnosis of osteonecro-
sis as adults were known before the hip infec-
tion.  In  the  remaining  seventeen  patients,
infection appeared to have been blood borne.
In twelve patients, the sites of bone infection
were  related  to  osteomyelitis  at  a  distance
from  the  infected  joints:  the  affected  bones
were the humerus (7 bones), tibia (3 bones)
and femur (2 bones). Another source of bone
infection  was  apparent  in  two  patients  with
presumed haematogenous spread. 
Twelve patients were anaemic with haemat-
ocrit under 20%, while six others (5 with SS
and 1 with SC) were severely anaemic with
haematocrit under 16%. General risk factors
were present in eight patients and included
diabetes mellitus (one patient), dental abscess
(one  patient),  immunosuppressive  therapy
(two patients), lupus with corticosteroid treat-
ment (one patient), presence of a permacath
(three patients). 
Clinical features
At the time of admission, the characteristics
of the patients varied, although some common
themes emerged. All patients suffered from hip
or  groin  pain  and  decreased  motion  of  the
affected  area.  Twelve  out  of  twenty-four
patients  were  unable  to  bear  weight.  Five
patients (21%) had multifocal joint infection.
This polyarticular sepsis was present in four of
the nineteen patients with SS (21%) and in
one of the four patients with haemoglobin SC
(25%). The highest number of joints infected
was five in one patient with haemoglobin SS.
The most frequent physical findings at the
initial examination were temperature >38.2°C
in 75% (18 out of 24 patients) and soreness
over the affected area in 83% (20 out of 24
patients). 
Most patients requested admission for treat-
ment at a late stage. Only 11 (46%) patients
were seen within a week of illness. Thirteen
patients delayed for a month before requesting
admission to the hospital: arthritis occurred
later as a complication of septicaemia and/or
osteomyelitis. 
Those  patients  where  arthritis  was  diag-
nosed on the first days after admission had a
long history of osteonecrosis (longer than 1
year)  and  symptoms  of  increased  pain  and
temperature  occurred  suddenly.  Evidence  of
systemic  disease  was  either  absent  or  very
mild. By contrast, those where the diagnosis of
arthritis  was  delayed  were  often  initially  so
desperately ill that the main objective of treat-
ment was the preservation of life during the
course of a systemic infection. Septic arthritis
was often only first suspected when these very
ill patients began to improve.
Laboratory values varied widely. Nearly all
patients  had  an  increased  white  blood  cell
count.  Ninety-six  percent  (23  out  of  24
patients)  had  a  white  count  exceeding
15,000/mm
3 (range, 7,900-32,300/mm
3). White
cell  differentials  averaged  77±4%  polymor-
phonuclear leukocytes. The Westergren sedi-
mentation rate had values ranging from 24 to
89 mm/h (mean=52). C-reactive protein was
higher  than  20  mg/L  in  all  patients  with  a
mean of 48 mg/L (range 22 to 126 mg/L). 
Bacteriological findings
Joint  aspiration  was  performed  in  all
patients. The diagnosis of osteoarticular infec-
tion was made by aspiration of pus from the
joint. The numbers and types of other cultures
varied  for  our  patient  population:  blood  cul-
ture,  or  tissue  biopsy.  There  were  eighteen
patients with blood cultures, twenty-four with
joint aspirate, and twenty with tissue cultures.
Blood cultures were positive in 55% (10 out of
18 patients), tissue biopsy cultures positive in
60% (12 out of 20 patients) and aspiration in
96% (23 out of 24 patients). The most sensitive
culture proved to be joint aspiration. At gross
analysis, the joint fluid was turbid in twelve,
purulent in eight patients, serosanguineous in
four patients. 
The pathogen was identified in twenty-three
out of twenty-four patients for a positive iden-
tification rate of 96%. In only one patient the
pathogen could not be identified: the infection
was  however  confirmed  by  the  histology.
Staphylococcus aureus was the most common
isolate (17 cases). For the remaining cases,
Streptococcus pneumoniae (1 case), Haemo  -
philus  influenza  (1  case)  and  Escherichia
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coli/Enterococcus  (4  cases)  were  cultured.
Salmonella was not found.
Radiological and imaging findings
Imaging  data  from  plain  radiographs,  CT
scan and MRI were reviewed for indications of
infection. Radiographs (pelvis, hip joint with
A.P  and  lateral  views)  were  obtained  in  all
patients and were abnormal in only thirteen
patients  at  the  time  of  diagnosis.
Characteristic  findings  included  narrowed
joint space (4 hips), destruction of the femoral
head (6 hips), evident avascular necrosis of
the femoral head (10 hips), lytic changes of
the femoral neck (1 hip), cortical erosion of
the acetabulum (12 hips), osteomyelitis of the
proximal femur (7 hips), soft-tissue gas in the
hip and buttock (1 hip), and femoral neck oste-
olysis  extending  into  the  intertrochanter  (1
hip).  Eight  patients  had  subluxation.  Radio  -
graphs appeared normal in eleven patients at
the time of diagnosis.
The  diagnosis  of  hip  osteonecrosis  was
known before infection in thirteen hips and
discovered at the time of admission with hip
pain and temperature in the eleven patients
with normal radiographs. The amount of joint
fluid in each affected hip was not considered
as sufficiently abnormal to suspect infection
since  it  is  frequently  associated  with
osteonecrosis. MRI was useful in suspecting
the diagnosis of infection in all the seventeen
patients with MRI: the abnormal findings asso-
ciated with the usual osteonecrosis signs were
a thicker synovial membrane, signal intensity
alterations in the soft tissues around the hip
joint and abnormal signal intensity in the bone
marrow at a distance from the osteonecrosis.
An enhancing rim of inflamed synovial mem-
brane  could  be  differentiated  from  the
hypointense joint fluid on contrast-enhanced
images in seventeen patients. Signal intensity
alterations in the soft tissue around the affect-
ed hip joint were present in seventeen patients
and enhanced after administration of contrast
medium. 
Fat-suppressed  gado  linium-enhanced  T1-
weighted spin-echo images were more sensi-
tive in the detection of signal intensity alter-
ations in soft tissue than were fat-suppressed
T2-weighted fast spin-echo images. These sig-
nal  intensity  alterations  in  soft  tissue  were
located within the muscles and surrounding
fascial planes just lateral to the femoral head
on  higher  sections  and  around  the  femoral
neck on lower sections. These signal intensity
alterations tended to be confined to the peri-
capsular regions except in the seven cases of
septic  arthritis  and  coexistent  contiguous
osteomyelitis, in which more extensive signal
intensity alterations in soft tissue were noted
at a distance from the joint with sometimes (2
cases) complicated soft-tissue abscess. Signal
intensity alterations in the bone marrow of the
affected hip joint were present in ten patients.
However,  such  signal  intensity  alterations,
when only present on the femoral head, were
not  useful  for  the  diagnosis  of  infection
because  of  associated  osteonecrosis.  These
signal intensity alterations were more useful
when located in the acetabulum and adjacent
to the articular surfaces (five cases). In two
patients, extensive signal intensity alterations
involved the femoral metaphysis. At surgery,
these  signal  intensity  alterations  were  con-
firmed to be coexistent osteomyelitis. 
Computed tomography was used as the third
modality of imaging. No patient on whom CT
was  performed  had  normal  findings.  Bone
scans  were  consistent  for  osteomyelitis  in
seven patients. Specific findings of infection
included  cortical  erosion  of  the  acetabulum,
subchondral cyst formation in the acetabulum
(5 cases) and gas in the hip (3 cases). Fluid
was present in the hip of all patients. CT scan
was useful for joint aspiration and to evaluate
the recurrence of fluid in the joint.
Treatment and complications 
during treatment
We observed medical complications in rela-
tion  with  the  transfusions  needed  by  these
patients.  Minor  complications  from  transfu-
sions were observed in 6 cases and major com-
plications  in  2  cases.  Febrile,  nonhemolytic
reaction  was  a  frequent  complication  of  red
blood-cell transfusion even with leukodepleted
red blood cells. This was observed at a rate of
25% (6 cases) and was associated with symp-
toms such as fever and pain complicating sub-
sequent management and increasing the num-
ber of days of hospitalization. Major transfu-
sion  reactions  (severe  alloimmunization)
were encountered in two cases (8%) despite
the use of extended Ag-matched blood. These
two patients developed massive intravascular
hemolysis seven days after transfusion. 
There were eight septic dislocations of the
hip  despite  traction  and  joint  aspiration.
Twelve other patients had joint destruction at
three  months  follow-up  since  the  diagnosis.
So, twenty patients were treated with femoral
head resection and later THA. Two patients had
arthrotomy  and  drainage  performed  without
resection of necrotic tissue and had later joint
space narrowing indicative of articular carti-
lage damage. The remaining two patients who
did not undergo surgery were ambulatory at
discharge (without a narrowed joint space on
radiographs). Therefore, only two of twenty-
four  patients  had  an  acceptable  outcome  in
which they were ambulatory and had no radi-
ographic evidence of joint space narrowing at
discharge.
Of the patients who required THA, at the
time of femoral head resection, positive cul-
ture was present in seven of the twenty hips
despite the treatment with adapted antibiotics.
The other thirteen hips appeared to have been
sterilized  by  the  treatment  despite  joint
destruction.  Patients  underwent  THA  within
an average period of 12 months (range 6 to 24
months) after femoral head resection, which
improved their functional status. Technical dif-
ficulties  on  the  acetabulum  were  related  to
bone that was usually soft. When acetabulum
destruction  by  infection  was  present,  an
acetabular ring with a cemented cup was used
to improve the fixation of the prosthetic cup (4
cases).
We observed orthopaedic complications in 2
cases (8%). The excessive intraoperative blood
loss contributed to an increased incidence of
wound  hematoma  and  prolonged  drainage
(more  than  15  days)  in  one  patient  who
received  thromboembolic  prophylaxis  with
warfarin.  Another  patient  had  postoperative
transient  peroneal  nerve  palsy  (3  months)
with foot drop relating to hematoma. 
Following THA, patients improved in terms
of relief of pain, function, and range of motion.
The  average  score  for  pain  was  1.5  points
(range, 1 to 3 points) preoperatively and 5.8
points (range, 5 to 6 points) postoperatively.
After  the  operation,  16  of  the  20  hips  were
entirely free of pain and the remainder had
only occasional discomfort. The score for func-
tion averaged 1 point (range, 1 to 3 points)
preoperatively and 5.1 points (range, 4 to 6)
postoperatively,  since  most  of  the  patients
were able to walk more than 1 km. The score
for the cumulative range of motion of the hip
averaged 2.1 points (range, 1 to 3 points) pre-
operatively  and  4.6  points  (range,  4  to  5
points) postoperatively.
No  immediate  postoperative  infection
occurred in the 24 patients, but late infection
occurred in 3 hips. None of these patients had
positive intraoperative cultures at the time of
THA implantation. The average time to revi-
sion  for  infection  was  4  years  (range,  2-6
years). The organisms cultured at the time of
revision for infection were the same as at the
time  of  arthritis  (Staphylococcus  aureus).
Revision for infection was performed with the
“two-stage  technique,”  performed  45  days
after removal of the primary arthroplasty. At
the most recent follow-up (average 13 years,
range 5 to 25 years) 2 of these 3 hips were
without infection and one still had recurrence
of infection.
Discussion
Although the association between osteone  -
crosis  and  septic  arthritis  can  be  readily
explained,  the  paucity  of  documented  cases
suggests that this association may be rare and
in this situation early recognition of pyogenic
hip  arthritis  is  mandatory.  Cases  of  septic
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arthritis  superimposed  on  osteonecrosis  in
patients with sickle cell disease were difficult
to diagnose unless there was a high index of
suspicion. Patients with sickle cell disease fre-
quently  have  systemic  illnesses
9,10 and  their
symptoms of sepsis may be attributed to sites
other  than  their  joints.  For  example  in  one
patient, persistent sepsis was considered to be
due to bacterial endocarditis despite adequate
antibiotic therapy and the hip was only diag-
nosed as a source of infection 6 weeks later. 
The clinical features of septic arthritis and
an exacerbation of osteonecrosis may be very
similar.  A  thorough  history  with  particular
emphasis on predisposing risk factors and lab-
oratory  and  imaging  findings  in  favour  of
infection will guide the clinician to consider
the diagnosis of septic hip arthritis. Routine
radiographs are generally not useful in identi-
fying early septic arthritis. In a series of thirty-
five patients without sickle-cell disease, mag-
netic resonance imaging was shown to be 92%
sensitive and 96% specific for the diagnosis of
acute osteomyelitis.
11 However, other articles
on patients with sickle-cell disease concluded
that the distinction between acute infarction
septic arthritis and osteomyelitis is difficult.
12-14
Many  of  our  patients  with  septic  arthritis
demonstrated  signal  intensity  alterations  in
the soft tissue around the affected hip joint, a
finding that probably represented reactive soft-
tissue oedema. In addition to joint effusions,
intense enhancement and hypertrophy of syn-
ovial  membrane  were  consistently  encoun-
tered in hip joints affected by septic arthritis in
our study. 
The value of laboratory studies in the differ-
ential  diagnosis  of  osteoarticular  infections
and bone infarction in children with sickle cell
disease  is  controversial
15-22 and  no  data  are
available  in  adults.  Our  patients  with  docu-
mented  articular  infections  had  white  blood
cell counts ranging from 7,900 to 32,300/mm
3.
There was a trend in patients with infections
of  white  blood  cell  counts  exceeding  15,000
mm3 in 96%. Westergren sedimentation rates
exceeded normal values in 100% of our articu-
lar  infection  group.  But,  in  bone  infarction
related to sickle cell disease, the results (of the
Westergren sedimentation rates) are variable
during a long period and have been reported to
exceed normal values in 75%. Creatine reac-
tive protein levels should be obtained initially.
Typically, it is the first marker elevated and the
first to respond to treatment. In our experi-
ence, the CRP is normal in hip osteoencrosis
without infection. It exceeded normal values in
100% of our infection group. Positive findings
in these tests, when combined with the appro-
priate clinical findings (i.e., high fever, acute,
and pain) increase the suspicion for arthritis. 
If the diagnosis of infection is suspected or
made, these patients should be subjected to
articular punction. Following these guidelines,
the diagnosis of infection and identification of
a pathogen when present, can be made appro-
priately in over 90% of cases as documented by
our study. However, once the bacterial invasion
of the joint has commenced even with adopted
antibiotics, direct and indirect factors can lead
to  joint  destruction.
23 The  inflammatory  cas-
cade is ignited and despite its role in allevia-
tion of the infection, it has a negative effect on
the  articular  surfaces.  Proteolytic  enzymes
degrade  the  proteoglycan  matrix  of  collagen
and cartilage ground substance compromising
the ability of the articular surfaces to resist
mechanical wear even if the patient is treated
with traction. Infection occurring in necrotic
tissue raises the question of whether in some
cases  the  infected,  necrotic  tissue  must  be
removed as part of the treatment, since antibi-
otics would likely have poor penetration into
areas  of  necrosis  where  circulation  is
impaired.  The  reported  cases  of  our  series
were  all  initially  treated  by  repeated  aspira-
tions of the joint and intravenous antibiotics
without resection of the necrotic tissue. But
twenty-two patients needed surgical interven-
tion, with two patients having arthrotomy and
drainage  performed  without  resection  of
necrotic  tissue  and  twenty  patients  having
their femoral heads excised. In some patients,
it appears unlikely that the hip could be steril-
ized without resection of the infected necrotic
tissue. The presence of positive culture in the
resected femoral head in spite of appropriate
intravenous antibiotics indicates that the hip
infection is difficult to treat perhaps because
of osteonecrotic tissue. In other patients, the
hip appeared to be sterilized with joint aspira-
tion and antibiotics but this treatment associ-
ated with traction was not sufficient to avoid
cartilage destruction probably because the car-
tilage had a decreased resistance to wear. So
joint destruction did not always mean persist-
ence of infection and could be observed in a
sterilized joint. Conflicting data are present in
the literature about how rarely osteoarticular
infection occurs in patients with sickle cell dis-
ease. A study by Keeley and Buchanan
24 sug-
gested that acute long-bone infarction would
occur at least 50 times more commonly than
bacterial osteomyelitis in sickle cell disease.
Early studies by Golding et al.
25and Engh et al.
18
concluded  that  osteomyelitis  appeared  com-
monly  in  sickle  cell  anemia.  More  recent
reports
22 from Saudi Arabia and Nigeria
26 docu-
mented an incidence of osteomyelitis in sickle
cell  patients  who  had  extremity  complaints.
Estimates of the prevalence of osteoarticular
infection in children with sickle cell anemia
have ranged from 0.2% (Epps et al.
19) to 5.4%
(Barrett-Connor
9). To our knowledge, no esti-
mation  has  been  reported  in  adult  patients.
During the same period, we have treated about
1200  hip  osteonecroses  with  sickle  cell  dis-
ease. So the risk may be about 24/1200 (2%) in
patients  with  hip  osteonecrosis.  In  our
patients, systemic risk factors
27 in the develop-
ment of bacterial arthritis included diabetes
and  glucocorticoids.  Another  cause  of
increased risk of late infection in patients may
be  immunoparesis  related  to  medical  treat-
ment  by  hydroxyurea.  Two  patients  in  our
series had infection and medical treatment by
hydroxyurea. Host microbial interactions play
an important role in the pathogenesis of septic
arthritis.  Most  bacteremias  do  not  result  in
septic arthritis in these patients. However, it is
well known that devitalized tissue
28-30 enhances
the development of sepsis, and it is likely that
the presence of osteonecrotic tissue provides
favourable  conditions  for  localization  of  the
circulating infective organisms. In our review,
we noted that most of the patients with docu-
mented  osteoarticular  infections  were
homozygous SS, which has been shown by oth-
ers in children to be most commonly associat-
ed with an increased proneness to bone and
joint infections. 
Bacterial  arthritis  was  hematogenously
acquired  in  seventeen  patients  and  in  the
majority  of  cases  of  septic  arthritis  in
osteonecrotic joints (19 cases) there was a pri-
mary focus of bone infection at a distance from
or contiguous to the hip. The causative organ-
isms  identified  in  our  patients  were
Staphylococcus  aureus,  beta  hemolytic
Streptococcus,  Hemophilus  influenza  and
enterococcus.  The  unique  susceptibility  of
sickle cell patients to Salmonella osteomyelitis
was first fully appreciated by Hodges and Holt
in 1951
31 and has been confirmed by multiple
subsequent  authors.
32-38 It  is  postulated  that
bone infarction, a common sequelae of sickle
cell disease, combined with sluggish microcir-
culation  and  impaired  opsonization  causes
Salmonella  bacteremia  to  “almost  invariably
localize  to  bone”.  However  the  incidence  of
septic arthritis in sickle cell disease with sal-
monella is more poorly defined. A review of the
reported organisms from all the series show
salmonella  has  not  been  reported  as  a
pathogen in joint infection in sickle cell dis-
ease patients. Our review of recent literature
reveals no strong predisposition to a particular
pathogen  in  septic  arthritis,  although
Staphylococcus  has  been  prevalent  in  some
series.  Twenty  of  the  patients  in  our  study
underwent delayed total hip arthroplasties fol-
lowing repeated aspirations of the joint and
intravenous antibiotics. Although it was previ-
ously felt that insertion of a total hip prosthe-
sis  in  the  presence  of  current  or  previous
infection is never warranted,
39-41 recent studies
have shown that results of total hip arthroplas-
ty  under  those  circumstances  compare
favourably
42-44 with cure rates that have been
reported  for  infections  treated  by  resection
arthroplasty,
45 with the former group having far
better functional results. We also recommend
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that patients with sickle cell disease who have
advanced sequelae of septic arthritis of one hip
should have a total hip arthroplasty rather than
an arthrodesis or a resection arthroplasty. With
an experienced surgical and medical team and
multidisciplinary  management  of  these
patients undergoing THA after hip infection,
our  rate  of  complications  was  acceptable.
However,  our  data  do  not  indicate  complete
safety of THA in this patient population and in
this  situation,  but  the  risk-to  benefit  ratio
appears reasonable.
We feel that our cases emphasize the impor-
tance of osteonecrosis as a risk factor in the
development of septic arthritis as in rheuma-
toid disease.
46 This is particularly important in
those  patients  with  osteonecrosis  who  are
being considered for total hip arthroplasty. As
in children,
47 infection should be suspected in
any patient with osteonecrosis who is admitted
with an acute exacerbation of an existing hip
problem or evidence of a septicemia. Patients
with such characteristics at the time of admis-
sion should be carefully evaluated for evidence
of joint sepsis, and should have a diagnostic
joint aspiration before total hip arthroplasty. 
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